Universal screening of all newly diagnosed colorectal cancer tumors can identify individuals at high risk for Lynch syndrome (LS), a hereditary cancer syndrome predisposing carriers to increased risk of colorectal, endometrial, and other cancers. To inform planning of a universal tumor screening program for LS in our jurisdiction, we undertook online surveys of Canadian pathologists and genetic counselors to describe existing tumor screening programs. Online surveys were hosted on SurveyMonkey between October 2016 and March 2017. Fifty-three pathologists and 66 genetic counselors completed surveys (total n = 119). While attitudes towards tumor screening were positive, considerable variability was observed in the existence of tumor screening, test ordering criteria, and practices. Most respondents indicated consent was not obtained for tumor screening nor were educational materials provided to patients; however, opting out of additional mutation testing in the event of a positive tumor screen was endorsed. Results add to the growing literature on providers' perspectives on population-based tumor screening programs and inform ways to offer these. Findings highlight the need to develop methods of patient education that allow meaningful opt-out decisions. The variability we observed also suggests the need for national standards and guidance on tumor screening for LS.
Introduction
Lynch syndrome (LS), a genetic syndrome associated with an increased risk of colorectal (CRC), endometrial, and other cancers, accounts for 3-5% of all CRC cases, making it the most common form of hereditary CRC (Hampel et al. 2006; Lynch et al. 2009; Moreira et al. 2012; Weissman et al. 2011) . Men with LS have an average lifetime risk for CRC of 54-74%; the comparable risk for women is 30-52%. Women with LS also have a 31-66% lifetime risk for endometrial cancer (Barrow et al. 2008; Stoffel et al. 2009; Watson et al. 2008) . CRC is the second most common cancer in Canada, accounting for 13% of all cancers in 2017 (Canadian Cancer Society 2017). The incidence of CRC is highest in Newfoundland and Labrador (NL); further, the province has the highest rate of familial CRC in the world (i.e., families with high CRC burden, but often without a known mutation) (Woods et al. 2010) .
Identifying individuals at risk for LS is important as surveillance reduces morbidity and mortality. At-risk individuals can receive more frequent screening at younger ages than what is recommended for the general population (Jarvinen et al. 2000; Jarvinen et al. 2009; National Comprehensive Cancer Network 2012) . Nonetheless, some high-risk individuals remain unidentified and uninformed about prevention strategies (Tomiak et al. 2014) . Amsterdam criteria and Bethesda guidelines rely mainly on family history and age of onset to identify patients with CRC who should be evaluated for LS (Rodriguez-Bigas et al. 1997; Umar et al. 2004; Vasen et al. 1991 Vasen et al. , 1999 . These methods are not always sensitive enough to identify at-risk individuals as not all patients meet these criteria and family history information is not always available. Some patients who meet the criteria are not properly diagnosed (Cross et al. 2013; Hampel et al. 2005; Hunter et al. 2015) .
Genetic screening alternatives
LS can present with variable age of onset, symptoms, and outcomes; as such, traditional screening criteria are not sensitive enough to identify all individuals at risk, particularly in women with endometrial cancer (Cohen 2014; Hampel et al. 2005; Kalloger et al. 2012; South et al. 2009; Tomiak et al. 2014) . Thus, its diagnosis is defined in genetic terms (Hampel et al. 2005; Lynch et al. 2009; South et al. 2009 ). LS is associated with deleterious mutations in the DNA mismatch repair (MMR) genes MLH1, MLH2, MSH6, and PMS2 (Hampel et al. 2006; Lynch et al. 2009; Moreira et al. 2012) . Screening newly diagnosed colorectal or endometrial tumors with immunohistochemistry (IHC) stains for the MMR genes and/or microsatellite instability (MSI) testing could better identify patients with LS (Cohen 2014; Frolova et al. 2015; Kalloger et al. 2012; South et al. 2009; Tomiak et al. 2014) .
MSI testing uses variability in lengths of microsatellite markers as a proxy for defects in MMR genes. Normally identical between cells, microsatellites are stretches of DNA in which a short sequence is repeated several times. Defective MMR causes microsatellites to become unstable and thus vary in length between cells. MSI screening compares microsatellite lengths between abnormal and normal tissue. Typically, a panel of five microsatellite markers is used, with instability in two or more signifying a positive or MSI-high result (Chubak et al. 2011; De la Chapelle 2003; Hampel 2009 ). MSI is not diagnostic of LS, but suggestive of an MMR mutation. MSI has a sensitivity of 89% for MLS1 and MSH2 mutations and 77% for the MSH6 mutation (EGAPP Working Group 2009).
An alternative to MSI screening is the use of IHC on resected tumor tissue. This antibody-based test uses chemical detection methods to visualize proteins directly on tissues under a microscope. In the case of LS, loss of one or more of the MMR proteins from a patient's tumor suggests the possibility of mutation in the associated MMR genes (Chubak et al. 2011) . The sensitivity of IHC as an indication of MMR mutation is 83%, while the specificity is 90% (Chubak et al. 2011; South et al. 2009 ). Because of its integration into routine testing, IHC has been utilized as a cost-effective, low-level triage tool for LS screening (Colling et al. 2015; Frolova et al. 2015; Kalloger et al. 2012 ).
An emerging consensus-universal tumor screening
There is growing interest in screening all newly diagnosed cases of CRC for LS, a process referred to as Buniversal screening^ (Frolova et al. 2015; Hampel et al. 2005; Hampel 2009; Kalloger et al. 2012) . In 2009, the Evaluation of Genomic Applications in Practice and Prevention (EGAPP) Working Group (EWG) recommended that all newly diagnosed patients with CRC, regardless of age or family history, should undergo tumor screening for an MMR defect; those testing positive should be offered genetic counseling and testing (EGAPP Working Group 2009).
Since this recommendation, there has been a movement towards universal screening of all newly diagnosed CRC tumors as a feasible mechanism to identify individuals who could have LS (Bellcross et al. 2015; Colling et al. 2015; Frolova et al. 2015; Mvundura et al. 2010; Peres 2010; South et al. 2009 ). While there is debate as to which screening method (MSI or IHC) is preferred, and whether informed consent for screening is needed, consensus is emerging that tumor-based screening protocols identify a higher percentage of CRC patients with LS than age or family history alone (Bellcross et al. 2012; EGAPP Working Group 2009) . The Lynch Syndrome Screening Network (LSSN) was created in the USA in 2011 to promote universal tumor screening of CRC tumors (Mange et al. 2015) . As of 2015, 67 member institutions were screening CRC tumors; 18 others were planning to implement universal screening. A recent survey of American genetic counselors reported about the half of whose institutions had a routine tumor screening protocol for LS (Cohen 2014) . Canada lacks a standardized and integrated approach to the identification of patients with LS, with variable existence of universal tumor screening programs across the country. The result is heterogeneity in current practices of test initiation and subsequent patient management (Bombard et al. 2017; Kalloger et al. 2012 ). For example, Kalloger et al. (2012) reported that while a majority of Canadian pathologists in their survey (78.9%) stated they had access to MMR IHC, almost 22% were unaware or uncertain of their access and only 58% could access MSI testing (representing 31 centers in Canada). Only nine centers across Canada had implemented an integrated approach to screening for LS, typically in academic centers (Kalloger et al. 2012 ).
Despite the emerging consensus for universal tumor screening, there is no current standard of care regarding the process of LS screening, informed consent protocols, or follow-up procedures for those whose tumors test positive (Bombard et al. 2017; Hampel et al. 2008; Kalloger et al. 2012; Mange et al. 2015) . As part of planning a population-based program of universal screening in Ontario, Canada, a recent qualitative study of healthcare professionals revealed support for the program. However, there were a range of complex, and sometimes contradictory views on consent for tumor testing. Most favored an opt-out approach for reflex testing for LS (Bombard et al. 2017) . This and similar studies describing early experiences with universal tumor screening (Kidambi et al. 2016; Marquez et al. 2013; Schneider et al. 2016 ) are suggesting optimal ways to design and deliver these programs. In our jurisdiction, universal tumor screening might be particularly important. NL has the highest incidence of CRC in Canada, along with the highest CRC mortality rate (Canadian Cancer Society 2017; Parfrey et al. 2017) . Compared to other population-based studies, NL also has the highest rate of familial colon cancer worldwide (Green et al. 2007) . Recent statistics from the Canadian Cancer Society revealed NL had the highest stage specific, agestandardized incidence rate of CRC of around 20 per 100,000 for stage II and III colon cancer (Canadian Cancer Society 2018) . With a population of just over 528,000 people, CRC represents a significant public health burden for the province.
To inform discussion about a universal tumor screening program for LS in our jurisdiction, we undertook online surveys of Canadian pathologists and genetic counselors, two key stakeholder groups in such a program. A third phase surveyed local patients; those data will be reported separately. Here, we aim to contribute to the evidence base: (Barrow et al. 2008 ) describing the existence of universal tumor screening programs in Canada and (Beamer et al. 2012 ) exploring attitudes towards universal screening and the need (or not) for informed consent through the perspectives of Canadian pathologists and genetic counselors. 
Materials and methods

Survey development
Tumor screening practices across Canada were explored via two online, descriptive surveys (one for pathologists containing 36 items, and one for genetic counselors comprised of 38 items). A key goal was to describe what programs currently exist, tumors screened and method used for screening, as well as informed consent protocols. We found only one previous study (Kalloger et al. 2012 ) that reported on tumor screening programs for LS in Canada. A survey of genetic counselors in the USA (Cohen 2014) was also obtained and with permission, used as an additional guide to the creation of current survey items. An interest for our group was to measure attitudes about informed consent for tumor testing, as well as attitudes towards a testing program more generally. These items were drafted by our team for use in the current study.
Survey content areas
The survey began by asking if there was a routine tumor screening program at the respondent's institution, and if so, when it began, and what tumors were routinely screened and with what criteria. Items then asked about the type of screening test used (IHC, MSI or both) and the ordering healthcare professional. The next section measured consent protocols and whether educational materials were provided to patients about tumor screening. Respondents with tumor screening programs were also asked about barriers to implementing a universal screening protocol, how barriers were overcome, and whether they had advice for those centers that were planning a similar program. Respondents who indicated that at the start of the survey they did not have a universal tumor screening program at their center were directed to items exploring possible barriers to a screening program and what might be helpful in implementing such a program. The final sections measured attitudes towards universal tumor screening and respondent demographics.
Both surveys were reviewed extensively by an advisory group consisting of three pathologists, a genetic counselor, a gynecologic oncologist, a patient, as well as the study team. Although the surveys were quite similar, the one for genetic counselors included additional items to probe issues of followup in the event of an abnormal tumor screen. Participants were given ample opportunity to provide open comments throughout (pathologist survey in Supplemental file).
Survey administration
Online surveys and responses were hosted on SurveyMonkey and were accessible between October 2016 and March 2017.
Participant recruitment
All Canadian pathologists and genetic counselors were eligible to complete surveys. In this paper, we focus in the main on those respondents who indicated they had a tumor screening program at their institution. However, attitude items are presented for all respondents. A separate paper will present barriers endorsed by those respondents without a tumor screening program, while comparing facilitators endorsed by those with a program. We advertised the survey link through regular communication channels (e.g., list servers, emails, or newsletters) of the Canadian Association of Pathology (CAP), the Canadian Association of Genetic Counselors (CAGC), and the Canadian Immunohistochemistry Quality Control (cIHc). Survey links were advertised on at least six separate occasions. Members of the study team, as well as our advisory panel, also sent e-mail invitations to individual pathologists or genetic counselors through their professional networks.
Survey analysis
Descriptive statistics (counts, percentages) are used to describe characteristics of tumor testing programs in Canada. Differences in attitudes towards tumor testing and informed consent between pathologists and genetic counselors were explored using the Mann-Whitney U test with a significance level of p < .05. Qualitative data generated in response to open items were analyzed using a descriptive approach (Sandelowski 2000 (Sandelowski , 2010 ) that compared responses across surveys to index and identify emerging themes using constant comparison.
Results
Fifty-three pathologists and 66 genetic counselors completed the surveys (total n = 119). Survey invites were received by 472 pathologists through the CAP, giving a response rate of approximately 11%. At the beginning of the project, the CAGC advised there were about 330 genetic counselors in their membership (assuming all received the invite, the response rate for genetic counselors was 66/330 or 20%). There were noticeable gaps in demographic item response. Only seven genetic counselors completed demographic information. All seven were female; four practiced in ON, with three from Western Canada. Most were practicing for 11-15 years; four identified academic medical center as their place of practice, three a community hospital, and one a diagnostic laboratory. Thirty-two pathologists completed demographic items: 16 from Western Canada and 14 from ON and QB, with two from Atlantic Canada. There were roughly equal numbers of men and women (n = 16), and most had been in practice for greater than 15 years (~29%). Almost half practiced in academic medical centers (41.5%), with almost 25% practicing in community hospitals; the remainder identified private practice or diagnostic lab.
Existence of tumor screening programs
Over half of the respondents indicated there was a routine tumor screening program at their institution (57.6% of genetic counselors, n = 38, and 54.7% of pathologists, n = 29). Nearly all indicated colorectal tumors were routinely screened, while screening of endometrial tumors occurred somewhat less routinely (Table 1) .
BOther^tumors cited were brain, gastric, ovarian clear cell, pancreas, and sebaceous cancers. Open comments revealed variability in tumor screening:
Most sebaceous tumors, some upper tract urothelial carcinomas; some other less common Lynch tumor types (e.g., gastric) if there is a suggestive family history. Some endometrial carcinomas are screened as well. For all of these, the decision whether to do MMR immunohistochemistry is made on a case by case basis depending on factors like age and family history, and there are no strict criteria for when to test as there are for colorectal cancers. -Pathologist These tumors are routinely screening at some hospitals in our region and in some other provincial health regions, but it's not consistent. -Genetic Counselor While age was the most common clinical criterion for tumor screening, here too, there was variation in response (Table 2) .
Open comments revealed further criteria for tumor screening:
Other tumors associated with Lynch can also be screened if requested. -Genetic Counselor There is no official system for colon cancer that I'm aware of, but some will get screening ordered by pathology or the surgeon if the diagnosis is 'young' or if there are characteristics of the tumor that suggest Lynch syndrome (mucinous pathology, for example). I wouldn't necessarily call the endometrial cancers 'routinely screened' but the gynecologic oncologists who treat them are well aware of the utility of screening for Lynch syndrome, and may initiate screening based on family history and/or tumor pathology, even if the diagnosis isn't younger than 60. -Genetic counselor Histologic features that suggest MSI; family history suggestive of other cancers that suggest Lynch syndrome. -Pathologist 
Opting out of tumor screening
Generally, respondents explained that opting out of tumor screening was not possible:
Not for routine screening initiated at the pathology department. -Genetic counselor Patients are unaware that screening takes place until the diagnosis is released. Our interpretation is that MMR testing represents biological subtyping of all Lynchassociated tumors, regardless of whether the MMR status is epigenetic or germline, hence is required for complete and precise diagnosis. -Pathologist
In the event of an abnormal screen, however, most respondents suggested patients could opt out of further testing:
The initial immunohistochemical screening, if positive, is reported to the clinician who discusses the results with the patients. Consent for further screening is then pursued, in conjunction with referral to a geneticist. -Pathologist Cannot opt out of the universal screening, but if they are referred to provincial cancer genetics for reflex testing, they can choose not to proceed. -Genetic counselor I think they can refuse. Genetics is notified about all abnormal results and we contact them. They certainly refuse to meet with Genetics, we have had that happen.
-Genetic Counselor
Provision of information to patients
Very few respondents reported educational materials were available for patients about tumor screening, and most did not know (Table 5) .
Very few respondents indicated they knew when these were provided, but at the time of surgery seemed to be most common:
Genetic counselors provide an information sheet about IHC and Lynch syndrome. No other providers hand out educational material to my knowledge. -Pathologist The surgeon and/or his or her nurse; however, I have no idea if this is actually happening. We created a patient information sheet and provided it for their use. -Genetic counselor We worked on an information sheet to be included in our surgery package. -Genetic counselor
Attitudes towards tumor testing and informed consent
Most respondents (both those whose institutions had a tumor program and those who did not) had a favorable attitude towards the use of universal tumor screening to identify individuals at risk for LS and to inform chemotherapy decisions (Fig. 1 ). There were no differences in attitudes between pathologists and genetic counselors towards the use of universal screening to identify high-risk individuals (Mann-Whitney U = 788.5, n 1 = 34, n 2 = 48, p = .78) or to guide treatment decisions (Mann-Whitney U = 734, n 1 = 34, n 2 = 48, p = .52). Pathologists placed less emphasis on the need for informed consent for tumor testing (Mann-Whitney U = 568, n 1 = 34 , n 2 = 48 , p < .05) and the need for genetic counseling following a positive tumor test than did genetic counselors (MannWhitney U = 523.5, n 1 = 34 , n 2 = 48 , p < .05).
Discussion
Identifying patients at high risk for CRC due to an inherited disposition remains a public health challenge. Universal tumor screening could better identify high-risk patients, potentially reducing cancer burden (EGAPP Working Group 2009; Hampel 2005) and is becoming standard of care in some jurisdictions (Bellcross et al. 2012; EGAPP Working Group 2009; Mange et al. 2015) . In Canada, some provinces are planning tumor screening programs (Bombard et al. 2017) and there are calls for a national consensus statement and guidelines (Kalloger et al. 2012) . Amid this growing interest, our study provides information on current practices and attitudes in Canada.
While response rates were low, the current survey revealed variability in the existence of tumor screening programs across Canada, as well as test ordering criteria and practices, consistent with an earlier survey of pathologists in 2012 (Kalloger et al. 2012) . Just over half of our respondents reported a tumor screening program in their jurisdiction. Colorectal tumors were routinely screened, while screening of endometrial tumors occurred somewhat less routinely. IHC was most often indicated as the screening method of choice. Age seemed to be the most common criterion used for screening initiation, though even here, there was variability among age cutoffs for testing, and other criteria were noted in open comments (e.g., family history). A variety of health care professionals were reported to order tumor screens, including pathologists, surgeons, and oncologists, but often tests were ordered automatically or respondents indicated they did not know who ordered the initial screen.
Since the EGAPP recommendations, several centers in the USA have reported on their institutional experiences with universal tumor screening (Hill et al. 2015; Kidambi et al. 2016 ; Marquez et al. 2013) , and these reports also document variation in the type of testing, test ordering patterns, and access to testing, with testing performed less often than recommended in public and community hospital settings (Beamer et al. 2012; Karlitz et al. 2015) . Higher rates of screening in academic settings and urban centers could be explained by a greater concentration of specialists who are more familiar with hereditary cancer syndromes or a greater availability of genetic counselors (Karlitz et al. 2015) . Our findings and others (e.g., Kalloger et al. 2012 ) highlight potential patient disparities in access to testing and suggest the need for standardized screening protocols and national guidelines. An integrated, multidisciplinary approach to tumor screening has been shown to achieve the highest detection rate of LS (Sanchez et al. 2008; Wright et al. 2011) , indicating a need in Canada to increase accessibility to tumor screening and integrate and coordinate clinical resources to ensure appropriate patient management (Kalloger et al. 2012) . A recent qualitative study highlighted the need for a comprehensive approach in Canada to not only increase awareness and visibility of LS among patients and providers, but also to ensure adequate resources for genetic services, coordination of care, and ongoing patient management (Bombard et al. 2017) . As in that study, our findings reveal strong support for universal tumor screening in Canada as indicated by the high levels of agreement on attitude items. While genetic counselors in our survey were more likely to agree consent was needed for tumor screening than pathologists, in the main, both groups indicated consent was not normally obtained in their settings or they did not know if it was. Regarding an opt-out for screening, most respondents indicated it was unavailable due to the automatic nature of tumor screening, but supported patients opting out of further mutation testing if an initial screening test was positive. These results are very consistent with prior research and current practice across Canada (Bombard et al. 2017; Kalloger et al. 2012 ) and the USA (Beamer et al. 2012; Cohen 2014; Williams and Williams 2011) . For example, only 14% of 29 National Cancer Institute cancer centers offered an opt-out from tumor screening and most did not provide educational materials to patients (Beamer et al. 2012) . Most of our respondents also indicated patient education materials were not normally provided to patients about tumor screening, though if they were, genetic counselors provided them.
The issue of consent and informed decision-making in the context of tumor screening is important if we are to optimize the uptake of screening so that its public health benefits can be achieved. Much depends here on whether universal screening is treated as a matter of public health policy, or as a matter of individual patient choice. Informed choice generally plays a lesser role in a public health model as the perceived overall benefit to society justifies universal participation. However, in a clinical setting, patient choice is paramount such that the right of the individual to participate trumps any perceived overall utility. In the current example, the notion of no optout for universal screening is consistent with a public health model, while the need for consent for further testing is more consistent with a clinical choice model. The upshot is that we should not be all that concerned about getting consent at the initial screening stage, but should be more concerned about it when the initial screening reveals a potential clinical issue. Of course, when health care is funded publicly, as it is in Canada, the right of an individual to refuse further testing and/or to refuse results from previous testing could be mitigated. Studies have shown that when provided with an opt-out, almost half of high-risk patients declined confirmatory mutation testing or did not receive their results (Ward et al. 2013 ). Findings such as these raise questions about the optimal way to facilitate informed decisions in this context and provide meaningful information to patients and their families (Manne et al. 2010 ). More broadly, findings highlight unresolved ethical issues in the context of tumor screening programs (Chubak et al. 2011; EGAPP Working Group 2009; Kalloger et al. 2012) . Further, our findings revealed somewhat different attitudes towards consent among genetic counselors and pathologists, where the former were more likely to agree consent was needed. These differences of opinion will need to be resolved in determining a consent governance mechanism for population-based tumor screening programs and in ensuring the interdepartmental collaboration and communication necessary to implement these programs. With growing interest in universal screening for endometrial tumors (Ferguson et al. 2014; Mills et al. 2014) , key issues regarding consent, adequate funding for genetic services and coordination of patient care are even more pressing in the context of universal tumor screening programs.
Limitations The response rates were low in the current study and the use of SurveyMonkey to host the surveys did not allow an accurate determination of response rate. Many respondents did not complete demographic items, limiting our ability to adequately describe our sample or conduct analyses with these items. We do not know why response rate was low as numerous efforts were made to send the survey invite via national organizations and personal networks. Our panel reviewed both surveys and determined they were not overly long or taxing. It may be that online survey methods are not acceptable to Canadian genetic counselors and pathologists, or it may be that these professionals did not have time to complete the survey or did not see it as relevant to their work. Research fatigue could also be an issue as the relatively small number of genetic counselors and pathologists in general may result in an inordinate number of requests by researchers on a variety of genetic conditions. Future research will have to try a different recruitment method if findings are to be reflective of national practice, which we believe is critical in the development of national guidelines. Research with patients is also urgently needed to ensure their preferences and positions are incorporated into the development of tumor screening programs. To that end, we are undertaking a provincial survey in our jurisdiction of patients who have had colon cancer; those data will be reported separately.
Despite these limitations, our results add to the growing literature on providers' perspectives on population-based tumor screening programs in Canada and inform ways to offer these. Genetic counselors and pathologists evinced positive attitudes towards tumor screening, endorsing an opt-out model following the initial screening test. However, the lack of patient education materials currently used in Canada highlights a critical need to develop flexible methods of patient education to allow meaningful opt-out decisions. The variability we observed also suggests the need for national standards and guidance on tumor screening for LS.
